Introduction
Worldwide, inguinal hernia repair (IHR) is one of the most commonly performed surgical procedures. Since the introduction of the tension-free IHR with a prosthetic mesh ad modum Lichtenstein, recurrence rates have decreased to the reported range of 1-2 % [1] . Still, chronic pain and the associated impairment of quality of life (QoL) are wellknown side effects after IHR and an important area for improvement. Several reports have shown variable rates of chronic pain after open inguinal hernia surgery, varying from 0 to 63 % [2] [3] [4] . The precise mechanism behind this unfavorable outcome is not known, but inflammation due to remaining mesh/fixation material and/or scar tissue causing nerve injury have been suggested to be involved [5, 6] . New mesh materials and designs are continuously being introduced with the aim of reducing postoperative pain and discomfort while still maintaining low recurrence rates.
Prolene Hernia System (PHS Ò ; Ethicon, Norderstedt, Germany) is a bi-layer polypropylene mesh with a connector between the two sheets, which has become popular for use in IHR. The bi-layer mesh covers the inguinal floor and the preperitoneal space, whereas the connector levels up the defect in the abdominal wall. A few single sutures are used for fixation of the mesh. This could, hypothetically reduce postoperative pain/discomfort due to less fixation material and thus reducing the risk of nerve damage.
Although being associated with a possible increased risk of recurrence, low-weight (LW) meshes have been reported to cause less postoperative pain and/or groin discomfort when used in the Lichtenstein procedure [7, 8] . UltraPro Hernia System (UHS Ò ; Ethicon) consisting of LW material and a partially absorbable layer in the preperitoneal space has therefore been developed as a second generation of PHS.
We have previously reported similar and satisfactory short-term results from a randomized trial comparing Lichtenstein (L), PHS and UHS for open IHR in male subjects [9] . The aim of the current study was to analyze and report 3-year outcomes after open IHR in the randomized setting described above, with emphasis on postoperative pain, discomfort, QoL and patient satisfaction.
Methods

Patients and study protocol
Between November 1, 2006 and January 31, 2009, all male patients between 18 and 75 years of age scheduled for primary unilateral IHR in daycare surgery under local anesthesia (LA) were considered for participation in the study. Patients with absent or only minor symptoms were, in general, recommended to postpone surgery in accordance with the local hernia management program at our center. Patients were not eligible in case of impaired cognitive function, substance abuse, limited mobility or capacity to communicate in Swedish. The study was designed as a randomized, double blinded, single-center study with participants allocated to one of the three different inguinal mesh repairs; Lichtenstein with a standard polypropylene mesh (Prolene Ò ; Ethicon, Hamburg, Germany) (L), Prolene Hernia System (PHS) and UltraPro Hernia System (UHS). Randomization was performed using numbered and sealed envelopes in blocks of nine each, with computer generated information on group allocation. Envelopes were unsealed after LA was given. Patients received no information about which mesh was implanted until the study was completed. The operation journal was locked during the study period but could be unlocked in case of urgent need of operating details.
Included patients were asked to fill out two different questionnaires. First, a hernia-specific protocol with questions regarding symptoms from the affected groin and if pain was present at rest and/or in motion. If so, patients were asked to quantify their pain with the use of the visual analogue scale (VAS), numbered from 1 to 10. A VASscore of three or more was considered ''substantial pain''. Any other symptoms and/or discomfort was also registered in this questionnaire, with the opportunity to describe various symptoms in the patient's own words.
Second, QoL assessment was carried out by the use of the Swedish version of the Short Form 36 (SF-36), with data on all parameters from matched controls available.
Included patients were asked to fill out both the questionnaires, including quantification of any pain according to VAS when applicable, preoperatively and at 2 weeks, 3, 6, 12, 24 and 36 months after surgery. Patients reporting any symptoms suggestive of a complication were contacted and recommended a visit to a surgeon who was unaware of what group the patient was allocated to. The same recommendation was given to any patient calling spontaneously and reporting such symptoms during the follow-up period. A designated nurse, who was also ''blinded'' to group allocation, collected all data and was available for patients to call at regular work hours.
The study (KCTR-CT20090022) was approved by the regional ethics committee and all included patients gave their written informed consent after being given information orally as well as in writing about the nature and the purpose of the study.
Surgical techniques
All operations were performed under LA, by one of the nine senior consultant surgeons, or by a senior resident under consultant supervision. All nine surgeons were well experienced in the three surgical techniques. The procedures were performed as described by Amid (L) [10] and Gilbert (PHS and UHS) [11] .
Power and statistical analysis
Using the incidence of pain at 12 months after surgery as the primary end point with an expected rate of 12 % in the Lichtenstein group [3, 12] , the power calculation revealed that 100 patients per group were needed for inclusion to detect a reduction in pain from 12 to 4 % in any of the two other groups with a significance level of 0.05 and a power of 80 %. Data are presented in numbers and percentages or as median and interquartile range (IQR), when appropriate. For comparisons within and between groups, Chi-square test, Kruskal-Wallis test, Friedman ANOVA, Wilcoxon matched pairs test and student's t-test were used, when appropriate. Analysis was undertaken using Statistica Ò version 12 (StatSoft Scandinavia AB, Uppsala, Sweden). P \ 0.05 was considered statistically significant.
Results
A total of 357 patients scheduled for primary IHR under LA in a daysurgery setting gave written, informed consent to participate in the study, Fig. 1 . Forty-eight patients were excluded on the day of surgery since no surgeon with sufficient experience for all three techniques was available. A total of 309 patients underwent IHR and were randomized to operation with use of one of the three meshes. The three groups were well matched regarding age, BMI and physical workload during occupation and leisure activities [9] .
Intraoperative and early postoperative data
Intra-and early postoperative outcomes have been reported in detail previously [9] . In brief, there were no significant differences between the groups regarding operating time, amount of LA used, blood loss, time until discharge, need of postoperative analgesics, sick leave, or time until return to normal activity and workload. Two patients were converted to general anesthesia; one due to unsatisfactory analgesia by LA and one due to vomiting with need of orotracheal intubation. Ninety-five percent of all patients were discharged within 5 hours. A total of 22 (7 %) complications occurred within 0-30 days without significant differences between groups. Hematoma and wound infection were most abundant (86 % of all complications). No patient had more than one complication. There were no significant differences in pain scores according to VAS between the three groups during the first 2 weeks after surgery. Median value of VAS, at rest and in motion, was \1 in all groups at day 14.
Long term follow-up data
The protocol for follow-up and number (%) of patients at each occasion is shown in Fig. 2 . At 3 years, a total of 27 patients (8 %) were lost to follow-up. During the follow up period, 131 (42 %) of all patients were examined by a blinded surgeon at the clinic in accordance with the study protocol. The most common reason for investigation was a bulge in the surgical area reported by patients. In almost all cases, this was interpreted by the examining surgeon as a normal postoperative finding. A total of five recurrences (1.6 %) were diagnosed. Three of these occurred within 12 months after surgery (one in each group), one between 12 and 24 (in L) and one between 24 and 36 (in UHS) months after surgery. Two patients with recurrence (1L, 1PHS) underwent surgery through an open anterior approach. The remaining three patients with recurrent hernia did not show any symptoms justifying reoperation within the follow-up period. One patient in the PHS-group developed testicular atrophy after surgery.
Pain
Before surgery, the most commonly reported symptom was inguinal pain, which was reported in almost two-thirds (197) of all patients, Table 1 . In general, pain according to VAS was low, although a total of 113 patients (37 %) scored VAS [3, (''substantial pain''), without differences between the groups. During the follow-up period, incidence of pain decreased similarly in all groups. Compared to preoperatively, the total number of patients reporting pain was reduced by 80 % at 12 months (from 197 to 40). This number was further decreased by almost 50 % (from 40 to 21) between 12 and 36 months postoperatively. Compared to before surgery, pain scores according to VAS were low, Table 1 . All 21 patients complaining of any pain at Fourteen patients presented at a return visit while seven patients declined due to spontaneous pain relief. In all examined patients no complication was detected.
At one year after surgery, the number of patients with VAS [3, either at rest or in motion, were reduced from 113 to 10 patients. This number was decreased further during the study period to a total of four patients (1.4 %) at 24-as well as 36 months after surgery. Two of these patients were referred to a pain clinic after thorough examination and treatment with regional anesthetic blockade with no satisfactory effect. One patient recovered spontaneously and one patient declined further contact, despite reporting chronic inguinal pain affecting activities of daily life. Ninety-six percent (n = 259) of all respondents stated that they were satisfied with the result of their operation at 36 months after IHR.
Prior to surgery, ''other discomfort'' was the second most common complaint, reported by 70 patients (23 %), equally distributed between the three groups. Symptoms were described as ''gurgling'', ''swelling'', ''itching'', ''pressure'' etc. The incidence of such discomfort was reduced to 61 (21 %), 51 (20 %) and 46 (16 %) at 12, 24 and 36 months after surgery, respectively. There were no differences between groups in the rates of such symptoms during follow-up.
QoL
Before surgery, patients in all groups reported similar impairment in physical dimensions of QoL as measured with SF-36 (PCS, Physical Component Score), compared to matched controls from the normal Swedish population (p \ 0.05), Fig. 3a . At 3 months after surgery, PCS increased in all groups (p \ 0.05) to values that were not statistically different from controls. During the entire follow-up period, there were no further changes in PCS either between/within groups or compared to controls.
For mental aspects of SF-36 (MCS, Mental Component Score), no differences were seen in any of the groups compared to controls before surgery. No change in MCS was seen during the follow-up period in any of the groups and the values were no different between groups or compared to controls, Fig. 3b . (95) 86 (91) 87 (92) 271 (92) 24 m, n (%) 86 (79) 87 (88) 81 (79) 254 (82) Pain, n (%) 7 (8) 12 (14) 12 (15) 31 (12) 1 (1) 2 (2) 1 (1) 4 (1.6)* Satisfied, n (%) 80 (93) 84 (97) 78 (96) 242 (95) 36 m, n (%) 93 (85) 92 (92) 98 (96) 283 (92) Pain, n (%) 6 (6) 6 (7) 9 (9) 21 (7) 
Discussion
In this single-center randomized controlled trial, the gold standard procedure for IHR; the Lichtenstein technique was compared with two alternative open anterior tensionfree mesh repairs, suggested to be associated with reduced rates of postoperative chronic pain; PHS and UHS. As previously reported, all three surgical techniques were shown to be well suited to be performed under LA [9] . Moreover, the intra-and short-term postoperative course was reported satisfactory regarding operation time, discharge, complications, postoperative pain, recovery to normal daily activities and return to work with comparable results in all groups. In this long-term follow-up, including the first data on long term outcomes of a LW bilayer mesh (UHS) we report similar improvements after all three techniques regarding pain, discomfort and self-reported QoL at 36 months after surgery. The primary endpoint in this study was chronic postoperative groin pain. Similar to previous reports, inguinal pain was the most commonly encountered preoperative symptom and reported by almost two-thirds of all patients There were no differences between study groups at any time point. For comparison between groups and population norms, Wilcoxon test and student's t-test were used. Differences over time were tested with Friedman ANOVA and Kruskal-Wallis test [13, 14] . The degree of postoperative pain was relatively low in all groups, and the incidence decreased continuously during the study period to 7 % after 3 years without differences between groups. The number of patients with ''significant pain'' (VAS [3) after surgery was also decreased with time with a total of four patients (1.4 %) after 36 months.
The bi-layer mesh only needs a few sutures for fixation and some previous studies have reported less pain after IHR with PHS compared to the Lichtenstein technique at short follow-up, but neither our study nor previous reports have been able to confirm any advantages in terms of chronic pain in the long term [15] [16] [17] [18] . Another hypothesis was that the use of a LW-mesh could reduce the incidence of chronic pain. LW mesh used with the Lichtenstein technique has previously been shown to be beneficial in terms of reduced pain after surgery and with less long-term discomfort and foreign body sensation [1, 7, 8, 19] . The mechanisms behind these positive effects of a LW-mesh have been suggested to be less shrinkage, inflammatory reaction and scar-tissue formation. Therefore, the UHS-mesh could in theory be beneficial regarding postoperative chronic pain, with its combination of less need for fixation and less remaining mesh material. There are no previous reports with long term results after UHS mesh repair to this date and the data from the current study could not confirm that UHS should be superior in terms of risk of chronic groin pain after IHR.
Discomfort in the groin after IHR is common. In the current study, discomfort was a slightly more frequent postoperative complaint than pain, present in 16 % of all patients at 36 months; however, again without differences between the groups. There are previously no data available for UHS, but our current results are similar to what has been reported earlier after PHS [16, 17, 20] as well as Lichtenstein repair [8, 16, 17, 21] . The significance of postoperative groin discomfort for the patient's well-being is indefinite but most often not considered a major problem. This might also be illustrated by the fact that 96 % of patients in the current study reported that they were satisfied with the result 3 years after surgery and patients with discomfort were evenly distributed between those who were and were not satisfied.
Improvement of QoL is one of the main objectives in inguinal hernia surgery. However, there are few reports comparing QoL before and after IHR. As expected and similar to previous reports [14, [22] [23] [24] , physical QoL (PCS) was impaired compared to matched controls preoperatively. Mental QoL (MCS) was unaffected before and after surgery and did not differ between groups or from the normal population at any time point throughout the study. At 3 months after IHR, PCS was increased to levels that were not different compared with the normal population, and this improvement was sustained throughout the study period. The improvement in physical QoL was concomitant with the reduction in groin pain. Interestingly; however, the improvement in PCS was noted rapidly after surgery and was then unchanged, whereas the incidence of groin pain continued to decrease throughout the study period.
A large proportion of recurrences after inguinal hernia mesh repair appear during the first 3 years after surgery [25] and to enable evaluation of this outcome, long-term follow-up is needed. Recurrence after IHR is rare today and our study was not powered to detect differences in rates of this outcome. A total of five recurrences (1.6 %) were identified in the study, of which three occurred within the first 12 months after surgery, one in each group, and two more were diagnosed between 12 and 36 months postoperatively. We are therefore not able to make any conclusions as to the possible superiority of any of the meshes used in terms of risk of recurrence.
Limitations of the study include the fact that only men with a primary hernia who were suitable for surgery under LA in day care were included. Our results might therefore not be representative for all patients, such as those undergoing surgery for recurrent hernias or females. On the other hand, the studied population constitutes a relatively standardized group of patients who are representative for a majority of those who undergo IHR in Sweden [26] . Moreover, our power calculation was based on the assumption that 12 % of patients should have chronic pain after operation with the Lichtenstein technique. Since this was shown to be an overestimation, the study might have had too low power to detect small differences between groups. However, our data did not suggest any trend for reduced rates of postoperative pain with the use of any of the meshes. Strengths of the study include the standardized surgical care, the high follow-up rate and the use of validated QoL instruments.
In conclusion, the data from our study demonstrate that the use of UHS, PHS and Lichtenstein seem equally suitable for use in primary IHR also at long term follow-up in terms of sustained relief of symptoms and improvement of physical QoL. Our study was not powered to compare differences in recurrence rates, but the results did not suggest that any of the three techniques should be superior compared to the other. Although not evaluated in this study, the presumed benefit from preservation of the preperitoneal space might facilitate redo surgery, and therefore favor the Lichtenstein technique as still being ''golden standard'' for use in open IHR. This represents an important question to address in future studies.
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